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Abstract of EP0475566 

Apparatus for measuring acceleration 
corresponding to individual power strokes of an 
internal combustion engine the apparatus 
comprising, position sensor means (27) for 
generating position signals at predetermined 
rotational positions of said engine, at least one 
predetermined rotational position occurring 
during each power stroke of said engine, a clock 
(32) generating clock pulses at a frequency equal 
to at least about 1 megahertz, interval means 
(31) coupled to said position sensor means (27) 
and said clock (32) for counting said clock pulses 
during a first rotation interval and during a second 
rotation interval to obtain first and second counts, 
respectively, said first and second rotation 
intervals each including at least about 45<o> of 
rotation of said engine and at least a portion of a 
selected power stroke, said first and second 
rotation intervals being substantially symmetrical 
with respect to a point within said selected power 
stroke where a maximum acceleration would 
approximately occur during a proper firing 
thereof, and calculating means (33) coupled to 
said interval means (31) for calculating said 
acceleration corresponding to said selected 
power stroke in proportion to the difference of the 
reciprocals of said first and second counts. The 
invention further discloses a method of 
determining crankshaft acceleration 
corresponding to individual power strokes of the 
engine. 
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© A method and apparatus for measurement of crankshaft acceleration in an internal combustion 
engine. 
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© Apparatus for measuring acceleration corre- 
sponding to individual power strokes of an internal 
combustion engine the apparatus comprising, posi- 
tion sensor means (27) for generating position sig- 
nals at predetermined rotational positions of said 
engine, at least one predetermined rotational position 
occurring during each power stroke of said engine, a 
clock (32) generating clock pulses at a frequency 
equal to at least about 1 megahertz, interval means 
(31) coupled to said position sensor means (27) and 
said clock (32) for counting said clock pulses during 
a first rotation interval and during a second rotation 
interval to obtain first and second counts, respec- 
tively, said first and second rotation intervals each 
including at least about 45° of rotation of said engine 
and at least a portion of a selected power stroke, 
said first and second rotation intervals being sub- 
stantially symmetrical with respect to a point within 
said selected power stroke where a maximum accel- 
eration would approximately occur during a proper 
firing thereof, and calculating means (33) coupled to 
said interval means (31) for calculating said accel- 
eration corresponding to said selected power stroke 



in proportion to the difference of the reciprocals of 
said first and second counts. 

The invention further discloses a method of de- 
termining crankshaft acceleration corresponding to 
individual power strokes of the engine. 
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The present invention relates in general to 
measurement of crankshaft acceleration in an inter- 
nal combustion engine corresponding to each of a 
plurality of engine cylinder power strokes, and 
more specifically to the selection of a particular 
interval occurring once per power stroke for mea- 
suring a velocity to be used in calculating the 
accelerations. 

In the typical four-stroke internal combustion 
engine, the four strokes include the intake stroke, 
the compression stroke, the power stroke, and the 
exhaust stroke. One engine cycle is comprised of 
720° of crankshaft rotation during which each cyl- 
inder passes through each of its four strokes. In 
any engine having more than four cylinders, the 
power strokes of different cylinders overlap. 

Gas pressure from combustion in a properly 
firing cylinder accelerates the engine crankshaft 
during the power stroke of that particular cylinder. 
If a cylinder misfires instead of properly firing, then 
friction, compression in other cylinders, and exter- 
nal load combine to produce a net deceleration 
during the power stroke. By virtue of its mass and 
the arrangement of cylinders, an engine is inten- 
tionally designed to provide smooth rotation. There- 
fore, the velocity changes resulting from the accel- 
erations and decelerations is small compared to 
total rotational velocity. The decline in rotational 
velocity during a single completely misfiring power 
stroke is less than 3% and typically is only a 
fraction of 1%. The overlapping of power strokes in 
engines having more than four cylinders further 
masks the velocity effect of a misfiring cylinder. 

Nevertheless, there have been many attempts 
at performing engine diagnosis by measuring ve- 
locity fluctuations of the engine crankshaft. Specifi- 
cally, measurements of velocity have been used to 
characterise engine acceleration, torque, and/or 
cylinder power contribution. The use of velocity 
measurements to obtain such engine parameters 
has the advantage of being noninvasive into the 
engine itself. However, none of the prior attempts 
have had the sensitivity or reliability to allow ac- 
curate diagnosis of individual power strokes. 

Most prior techniques have attempted to exam- 
ine velocity fluctuations within the power stroke, 
such as by measuring instantaneous crankshaft 
velocity at predetermined points within a power 
stroke. For example, Rackliffe et al, U.S. patent 
4,064,747, teaches a system wherein two or more 
measurements of instantaneous, subcyclic speed 
within each power stroke are taken. The measure- 
ments are separated by a significant portion of the 
stroke. The difference in instantaneous speed is a 
measure of acceleration during that stroke. The 
relative acceleration between different power 
strokes gives the power contribution for a single 
power stroke. 
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Buck et al, U.S. patent 4,295,363, likewise 
teaches a system wherein a plurality of time inter- 
vals in each power stroke are measured to deter- 
mine instantaneous, subcyclic speed. Buck et al 
5 describes a compression test conducted while 
cranking an engine without a fuel supply, and a low 
power test conducted only during a predetermined 
engine acceleration. 

Citron et al, U.S. patent 4,532,592, determines 

w an acceleration for a power stroke of a particular 
cylinder by measuring an instantaneous speed at 
the cylinder's top dead centre (TDC) and at the top 
dead centre of the next cylinder in the firing order. 
The difference of the instantaneous speed at the 

75 successive stop dead centres provides the accel- 
eration for the particular power stroke. Citron et al, 
U.S. patent 4,697,561, discloses a modification 
where the instantaneous speeds for forming an 
acceleration measurement are the lowest speed 

20 point and the highest speed point within the ve- 
locity fluctuation of the power stroke. 

The attempts to examine an instantaneous ve- 
locity during the fluctuations occurring within a 
power stroke have proven to be undesirable for 

25 several reasons. A principal disadvantage with such 
instantaneous velocity measurements is the pres- 
ence of large errors in the measurements since the 
ratio of the position tolerance of the mechanical 
position indicators to the rotational angles being 

30 measured is large. In order to minimise errors, 
special position indicating mechanisms are re- 
quired that have extremely high resolution and are 
formed according to exact tolerances to provide 
highly accurate position references. 

35 When the velocity measuring interval (i.e., rota- 

tion angle) is small in order to closely approximate 
instantaneous speed, the amount of noise in the 
measurements is large. Such a system is subject 
to uncontrollable (i.e., nonsystematic) position er- 

40 rors, such as are caused by gear lash and twisting 
of the crankshaft. Thus, it is difficult and expensive 
to provide power stroke diagnosis based on mea- 
surements of instantaneous velocity within the ve- 
locity fluctuations. 

45 Another attempt at characterizing engine per- 

formance based on velocity differences employed 
one longer angle velocity measurement once per 
power stroke. As disclosed in James et al, 
"Microprocessor Based Data Acquisition For Analy- 

50 sis Of Engine Performance", SAE Technical Paper 
Series, No. 870386, February 1987, the average 
angular acceleration between cylinder firings can 
be used to detect individual cylinder misfires, pro- 
vided very precise measurements are made of 

55 engine rotation. Engine velocity is measured over 
one profile ignition pulse (PIP) interval which oc- 
curs once per cylinder firing (e.g., once every 120° 
of crankshaft rotation in a six-cylinder engine). The 
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PIP signal is a digital signal having a rising edge 
occurring at or just prior to top dead centre of each 
respective engine cylinder. Although a misfiring 
cylinder does cause a dip in the acceleration mea- 
surements obtained using engine speed over each 
PIP interval, a single misfire may affect accelera- 
tion measurements corresponding to several con- 
secutive firings so that it is not possible to identify 
the exact cylinder which misfired or the number of 
misfiring cylinders. Thus, accurate characterisation 
of engine performance is not achieved. 

Hanson et al, U.S. patent 3,972,230, detects 
misfires using crankshaft acceleration based on 
velocities measured using one pulse per power 
period. The velocity measurement periods are 
based on a tachometer signal and thus extend from 
one spark instant to the next. The resulting velocity 
intervals approximately correspond to an interval 
from top dead centre to top dead centre, but are 
necessarily somewhat variable. The lack of any 
fixed phase synchronisation of the velocity intervals 
to crankshaft position and the approximate location 
of the intervals between top dead centres results in 
generally very high noise levels and in cross-cou- 
pling of misfire indications to adjacent power 
strokes. 

Accordingly, it is a principal object of the 
present invention to provide a method and appara- 
tus for deriving an acceleration measurement for 
each power stroke requiring just one velocity mea- 
surement per power stroke while avoiding the need 
to measure instantaneous speed at any point within 
the power stroke. 

It is a further object of the present invention to 
obtain an acceleration measurement having a maxi- 
mum contribution from a respective cylinder's pow- 
er stroke and a minimum contribution from all other 
power strokes even in engines having overlapping 
power strokes. 

It is further object of the invention to obtain 
velocity and acceleration data for an internal com- 
bustion engine in which a high signal-to-noise ratio 
is achieved. 

These and other objects are accomplished by 
measuring a pair of velocities (Vj and V i+1 ) which 
are then combined to yield an acceleration (A<) 
which is indicative of the work done by a particular 
cylinder (i) in its power stroke. The intervals for 
measuring each velocity are selected to be the 
same with respect to each particular cylinder's 
power stroke, and are therefore repeated at a spac- 
ing equal to once per cylinder firing. Furthermore, 
the width of the interval and the phase (i.e., starting 
position) of the interval are provided in a manner to 
achieve optimum signal-to-noise ratio and a maxi- 
mum separation between measurements for adja- 
cent power strokes. A relatively long width for the 
interval is selected, preferably amounting to a rota- 



tion angle equal to the angle between adjacent top 
dead centres. The interval has a phase in relation 
to its respective power stroke such that a misfire or 
drop in acceleration occurring in a particular power 

5 stroke causes a small but substantially equal drop 
in the calculated accelerations corresponding to the 
power strokes immediately preceding and imme- 
diately following the particular power stroke. In an- 
other aspect of the invention, the interval for mea- 

w suring velocity Vj and the interval for measuring 
velocity V i+1 are substantially symmetrical with re- 
spect to a point within the selected power stroke i 
or just before the point where a maximum accel- 
eration would approximately occur during a proper 

75 firing of power stroke i. 

The invention will now be described further, by 
way of example, with reference to the accompany- 
ing drawings, in which : 

Figure 1 is a plot showing instantaneous accel- 

20 eration versus crankshaft rotation for normal and 
misfiring cylinders. 

Figure 2 is a plot showing a typical relationship 
between crankshaft velocity and crankshaft ac- 
celeration. 

25 Figure 3 is a plot showing a preferred arrange- 
ment for velocity measurement intervals accord- 
ing to the present invention. 
Figure 4 is a block diagram showing measuring 
and calculating apparatus according to the 

30 present invention. 

Figure 5 is an alternative embodiment for mea- 
suring engine position. 

Figure 6 is a waveform diagram showing posi- 
tion signals generated by the apparatus of Fig- 

35 ure 5. 

Figures 7A and 7B show a prior art phasing of 
the velocity measurement intervals and the cor- 
responding erroneous effects on the resulting 
acceleration measurements for individual cylin- 

40 ders. 

Figures 8A and 8B illustrate a modified phasing 
of the velocity measurement intervals and the 
corresponding improvement in the acceleration 
measurements. 

45 Figures 9A and 9B illustrate another modification 
of the velocity measurement intervals and the 
effects on the acceleration measurements. 
Figures 10A and 10B illustrate a preferred phas- 
ing for the velocity measurement intervals and 

so the optimum separation of acceleration mea- 
surements according to individual power 
strokes. 

Curve 10 in Figure 1 shows approximate accel- 
eration fluctuation during engine operation. An in- 
55 stantaneous acceleration peak 1 1 occurs during the 
power stroke of cylinder No. 1 . Other peaks occur- 
ring in the acceleration curve are shown as cor- 
responding to each other properly firing cylinder. 
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Thus, although power strokes overlap in engines 
with more than four cylinders (e.g., a six-cylinder 
engine as shown in Figure 1), their individual ef- 
fects are at least partially separable into distinct 
acceleration fluctuations which can be determined 
from velocity measurements made at a rate of 
once per cylinder firing. 

When a misfire occurs such that no significant 
power is created by a cylinder during its power 
stroke, the crankshaft continues to decelerate 
throughout such rotation as illustrated at 12. The 
deceleration continues at least during the time that 
the misfiring cylinder is the only cylinder in its 
power stroke. 

The accuracy required to measure angular ro- 
tation and time to derive the resolution shown in 
Figure 1 is not feasible or desirable in on-board 
automotive systems. Rather, approximately one ve- 
locity measurement per power stroke is taken and 
the difference between successive velocities is cal- 
culated to determine one total acceleration mea- 
surement per power stroke. The relationship be- 
tween acceleration and velocity is shown in Figure 
2 where a curve 15 shows crankshaft acceleration 
including a time period from the beginning of a 
power stroke i (beginning at top dead centre of 
power stroke i, or TDQ) and a power stroke i + 1 
(beginning at TDC I+1 ). An exemplary velocity curve 
16 shows a velocity resulting from the crankshaft 
acceleration. Figure 2 shows approximate behav- 
iour, the actual behaviour of acceleration and ve- 
locity being more complicated due to gas com- 
pression effects and stroke overlap. However, the 
approximate waveforms of Figure 2 are useful in 
defining a velocity measuring interval according to 
the present invention which results in acceleration 
measurements that accurately characterise the en- 
gine operation. 

More specifically, Figure 2 shows that the 
crankshaft is decelerating at the beginning of pow- 
er stroke i. When proper cylinder combustion oc- 
curs during power stroke i, a positive acceleration 
results having a peak value at point 17. When 
acceleration is at its peak, the velocity fluctuation is 
approximately at its average value as shown at 
point 18. 

According to the present invention, it has been 
found that rather than referencing velocity mea- 
surement intervals to approximate top dead centre 
as in the prior art, a maximum separation between 
successive acceleration measurements is achieved 
by referencing the velocity measurement intervals 
to the point where maximum acceleration approxi- 
mately occurs during a proper cylinder firing. As 
shown in Figure 3, a pair of velocity intervals 20 
and 21 are substantially symmetrical with respect 
to (e.g., have a meeting point at) maximum accel- 
eration point 17. For convenience, interval 20 may 



begin at a prior maximum acceleration point 22 and 
interval 21 may end at a maximum acceleration 
point 23. Preferably, each velocity interval com- 
prises at least about 45° of crankshaft rotation and 
5 up to about 180° for a four-cylinder engine, up to 
about 120° for a six-cylinder engine, and up to 
about 90° for an eight-cylinder engine. Each inter- 
val is at least 45° to minimise the ratio of position- 
ing error to angle being measured, but is no more 

w than the angle between successive TDC's so that 
one measurement can be taken for each power 
stroke during an engine rotation. Furthermore, in- 
tervals 20 and 21 need not be continuous and may 
be separated by a short time period centred on 

75 maximum acceleration point 17. However, by be- 
ginning and ending each interval at a maximum 
acceleration point, velocity measurement and ac- 
celeration calculations are simplified. 

A first embodiment of apparatus according to 

20 the present invention is shown in Figure 4. A multi- 
toothed wheel 25 is mounted on an engine for 
rotation with the crankshaft. A plurality of teeth 26 
are disposed along the periphery of wheel 25 at a 
predetermined angular spacing. A sensor 27 is 

25 disposed in a fixed location closely spaced to teeth 
26 for sensing when each tooth passes sensor 27. 
A missing tooth location 28 is provided on wheel 
25 for providing an absolute location reference, for 
example, at 90° before top dead centre of cylinder 

30 No. 1 as shown in Figure 4. 

Sensor 27 is connected to a decoder 30 which 
provides a decoded output to a counter 31. A clock 
signal is provided to counter 31 by a clock gener- 
ator 32. A counter output is provided to a calculator 

35 33 which calculates velocity and acceleration. Alter- 
natively, decoder 30 could be placed between 
counter 31 and calculator 33 such that counter 31 
would count the time between each tooth 26 and 
decoder 30 would add the appropriate counts to- 

40 gether during the desired interval. 

Preferably, teeth 26 are comprised of a mag- 
netically permeable material and sensor 27 is com- 
prised of a variable reluctance sensor. An approxi- 
mately sinusoidal output voltage is provided from 

45 sensor 27 which can be applied to a trigger circuit 
(not shown) to produce a square wave signal hav- 
ing transitions indicating predetermined angular po- 
sitions of the crankshaft. Missing tooth 28 can be 
detected by the occurrence of a time between 

so tooth pulses which is substantially longer than the 
average time between pulses. 

Sensor 27 provides position pulses at a higher 
resolution than needed in the present invention 
wherein each velocity measurement interval has an 

55 angular length between about 45-180° of crankshaft 
rotation. Therefore, the sensor output signals are 
decoded by decoder 30 so that position marker 
signals are provided to counter 31 to identify the 
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beginning and ending of respective velocity inter- 
vals as well as the cylinder to which the interval 
corresponds. In order to determine the number of 
clock pulses occurring during a velocity measure- 
ment interval, counter 31 reads the value of a clock 
register (not shown) at the beginning of the i-1 
velocity interval (T M ) and at the end of the i ve- 
locity interval (Tj). The difference in clock readings 
(Ti -T M ) provides the elapsed time during the ve- 
locity interval (A ^.Alternatively, counter 31 could 
include a resettable counter which is reset at the 
beginning of each velocity interval and which 
counts each clock pulse from clock generator 32. 
The elapsed time for each velocity interval is pro- 
vided to calculator 33. 

The velocity during the i interval (Vj) is in- 
versely proportional to the elapsed time during the 
interval. Specifically, velocity Vj equals the angular 
length of the velocity interval (A e) divided by 
elapsed time (A Tj). When at least two velocities 
have been calculated, an acceleration for the i 
measurement interval (or i power stroke) is cal- 
culated by taking the difference between velocity Vj 
and velocity V j+1 and dividing by elapsed time AT 
(preferably equal to (A Tj + A T l+1 ) / 2). 

In the preferred embodiment of the invention, 
decoder 30 generates a reference marker signal at 
a rate of once per cylinder firing, preferably at each 
angular position approximately corresponding to a 
maximum acceleration between each top dead 
centre position of successive cylinders. For exam- 
ple, in a four-cylinder engine, the reference mark- 
ers may be generated at a predetermined position 
falling in the range of about 80-90° after top dead 
centre. In a six-cylinder engine, reference marker 
signals can preferably be generated at a position 
falling in the range of from 50-60° after top dead 
centre. For an eight-cylinder engine, the preferred 
range is from about 35-45° after top dead centre. It 
has been experimentally determined that the maxi- 
mum acceleration occurs just before a point mid- 
way between successive top dead centres. 

The high resolution position sensor of Figure 4 
permits the reference marker signals to be gen- 
erated at a selectable angular position. Thus, the 
same apparatus could be used for four, six, and 
eight-cylinder engines. Furthermore, such a high 
data rate apparatus may already be present on a 
vehicle within its ignition system. 

Alternatively, some vehicles employ a lower 
data rate position sensing system such as is shown 
in Figure 5 rather than a high data rate system as 
shown in Figure 4. A wheel 35 includes vanes 36, 
37, and 38 and rotates with the crankshaft 40 (a 
six-cylinder engine is shown in this example). The 
vanes pass between a hall sensor 41 and a perma- 
nent magnet 42 for generating a profile ignition 
pulse (PIP) signal during crankshaft rotation. Vanes 



36-38 are typically arranged to generate a rising 
PIP signal just before top dead centre of each 
respective cylinder. A rising PIP signal actually 
indicates the approach to top dead centre of two 

5 engine cylinders, one of which is on a power stroke 
and one of which is on an intake stroke. A cylinder 
identification (CID) sensor 44 is connected to a 
camshaft 45 for identifying which of the two cyl- 
inders is actually on its power stroke. Since cam- 

10 shaft 45 rotates once for every two rotations of 
crankshaft 40, a CID signal is generated having a 
rising edge corresponding to top dead centre in the 
power stroke of a predetermined cylinder (e.g., 
power stroke of cylinder No. 1). A decoder 43 

75 receives the PIP signal and the CID signal and 
provides reference marker signals to counter 31 
(Figure 4). Figure 6 shows waveforms for the PIP 
signal and the CID signal in relationship to the 
occurrence of top dead centre of cylinder No. 1. 

20 Other relationships between the PIP signal, the CID 
signal, and the top dead centre of cylinder No. 1 
are, of course, possible depending on the position- 
ing of whell 35 in relation to crankshaft 40. 

Even within the constraints of the low data rate 

25 position system, the location of the velocity inter- 
vals can be modified according to the present 
invention to reduce cross-coupling between cyl- 
inders. 

The prior art measurement of acceleration dis- 

30 closed in James et al, and discussed above, cor- 
responds to the use of a measurement interval 
beginning and ending on the rising edge of the PIP 
signal as shown in Figure 6. As shown in Figure 
7A, a power stroke i begins at zero degrees or at 

35 the top dead centre of power stroke i (TDCj), and in 
a six-cylinder engine, a power stroke i + 1 begins at 
a rotation position 120° after the top dead centre of 
power stroke i. Each power stroke is 180° in length. 
Since the rising edge of PIP occurs at 10° before 

40 top dead centre, a velocity interval for velocity Vj 
begins at 10° before top dead centre and ends at 
110° after top dead centre. A velocity interval V j+1 
begins at 110° after TDQ or equivalently at 10° 
before TDC i+1 . The acceleration calculation for 

45 power stroke i is determined by taking the dif- 
ference between V j+1 and Vj and dividing by the 
elapsed time corresponding to velocity interval Vj - 
(average A T of the two intervals). Figure 73 shows 
the results of acceleration calculations 

50 (measurements) using the velocity interval shown 
in Figure 7A based on operation of a six-cylinder 
engine wherein cylinder No. 6 was operated with a 
misfire. Even though cylinder No. 3 was firing prop- 
erly, its acceleration measurement is contaminated 

55 by (i.e., cross coupled with) the acceleration deficit 
in cylinder No. 6. Thus, it is not apparent from the 
drawing of Figure 7B which cylinder or cylinders is 
misfiring or producing an acceleration deficit. 
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In Figure 8A, the velocity measurement inter- 
vals are advanced by 30° in angular position result- 
ing in some improvement. These velocity intervals 
could be achieved using the measuring apparatus 
of Figure 4 or by reorienting the vaned wheel 35 in 
Figure 5. As shown in Figure 8B, the shifted ve- 
locity intervals result in an improved separation 
between the misfire effects of cylinder No. 6. How- 
ever, cylinder No. 3 still reflects a negative impact 
even though it is known to be firing properly in this 
example. 

Figure 9A illustrates velocity intervals wherein 
the reference marker signals are generated at 20° 
after top dead centre also resulting in some im- 
provement. Thus, the velocity interval for velocity 
Vj begins at 100° before top dead centre and 
extends to 20° after top dead centre of power 
stroke i. In this case, the acceleration deficit of 
cylinder No. 6 is also seen in the succeeding firing 
of cylinder No. 1. 

Figure 10A shows velocity intervals determined 
in accordance with the best results. Reference 
marker signals are generated at 50° after top dead 
centre such that a velocity measurement interval 
for power stroke i begins at 70° before TDCj and 
extends for 120° to a point at 50° after TDQ. This 
interval corresponds to measuring elapsed time 
between falling edges of the PIP signal shown in 
Figures 5 and 6. The resulting acceleration mea- 
surements are shown in Figure 10B. This embodi- 
ment results in the maximum separation between 
acceleration measurements such that the misfiring 
of cylinder No. 6 causes the corresponding accel- 
eration measurement to exhibit a maximum drop 
and causes a small or substantially no drop in the 
succeeding and preceding acceleration measure- 
ments of cylinder Nos. 1 and 3. It has been further 
found that the optimum angular position between 
successive velocity intervals (i.e., the reference 
marker signals) is at the point where any effect of a 
deficit in the acceleration of cylinder No. 6 appears 
equally in the measurements corresponding to cyl- 
inder Nos. 1 and 3. In other words, when the 
velocity intervals are selected such that the cross- 
coupling effects on measurements for the preced- 
ing and succeeding power strokes are equal, those 
effects will also be at their minimum. 

The foregoing has described method and ap- 
paratus for deriving acceleration measurements for 
each power stroke which require just one velocity 
measurement per power stroke. Measurement er- 
rors and uncertainties are minimised since long 
velocity intervals are used and there is no need to 
measure any instantaneous speed at any point 
within the rotation of the engine. 

Claims 



1. Apparatus for measuring acceleration corre- 
sponding to individual power strokes of an 
internal combustion engine the apparatus com- 
prising, position sensor means (27) for gen- 

5 erating position signals at predetermined rota- 

tional positions of said engine, at least one 
predetermined rotational position occurring 
during each power stroke of said engine, a 
clock (32) generating clock pulses at a fre- 

10 quency equal to at least about 1 megahertz, 

interval means (31) coupled to said position 
sensor means (27) and said clock (32) for 
counting said clock pulses during a first rota- 
tion interval and during a second rotation inter- 

75 val to obtain first and second counts, respec- 

tively, said first and second rotation intervals 
each including at least about 45° of rotation of 
said engine and at least a portion of a selected 
power stroke, said first and second rotation 

20 intervals being substantially symmetrical with 

respect to a point within said selected power 
stroke where a maximum acceleration would 
approximately occur during a proper firing 
thereof, and calculating means (33) coupled to 

25 said interval means (31) for calculating said 

acceleration corresponding to said selected 
power stroke in proportion to the difference of 
the reciprocals of said first and second counts. 

30 2. An apparatus as claimed in claim 1, wherein 
said position sensor means is comprised of, a 
rotor for rotation with the crankshaft of said 
engine having reference marks at predeter- 
mined positions, and stationary pickup means 

35 for sensing the passage of said reference 

marks. 

3. An apparatus as claimed in claim 1 or 2, 
wherein said position signals are comprised of 

40 an electrical square wave having alternate ris- 

ing and falling edges. 

4. An apparatus as claimed in claim 3, wherein 
one rising edge and one falling edge occurs 

45 between the beginning points of successive 

power strokes, said first rotation interval ending 
and said second rotation interval beginning at 
the rising or falling edge occurring at a position 
nearest to a midpoint at or just before halfway 

50 between said beginning points. 

5. A method for determining crankshaft accelera- 
tion corresponding to individual power strokes 
of an internal combustion engine, said method 

55 comprising the steps of, providing position sig- 

nals at predetermined points of the rotation of 
said combustion engine, said points being at 
substantially regularly spaced rotation angles 
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such that at least one position signal occurs 
during every power stroke, establishing one 
velocity measurement interval for each power 
stroke, each velocity measurement interval in- 
cluding between about 45° and 180° of rotation 5 
of said crankshaft, measuring a time period 
during each respective velocity measurement 
interval, and calculating said acceleration cor- 
responding to each individual power stroke as 
a function of the difference between the time w 
period for each individual power stroke and the 
time period for the next successive power 
stroke, wherein each velocity measurement in- 
terval has a phase in relation to its respective 
power stroke such that a loss of power occur- 75 
ring in a particular power stroke causes a drop 
in the calculated acceleration corresponding to 
said particular power stroke and causes a 
smaller but substantially equal drop in the cal- 
culated accelerations corresponding to the 20 
power strokes immediately preceding and im- 
mediately following said particular power 
stroke. 

6. A method for determining crankshaft accelera- 25 
tion corresponding to individual power strokes 
of an internal combustion engine, said method 
comprising the steps of, providing position sig- 
nals at predetermined points of the rotation of 
said combustion engine, said points being at 30 
substantially regularly spaced rotation angles 
such that at least one position signal occurs 
during every power stroke, measuring a first 
time period of rotation through a first rotation 
interval defined by first selected position sig- 35 
nals separated by at least about 45° of rotation 
and measuring a second time period of rota- 
tion through a second rotation interval defined 
by second selected position signals separated 
by at least about 45° of rotation, each rotation aq 
interval including at least a portion of a se- 
lected power stroke, said first and second rota- 
tion intervals being substantially symmetrical 
with respect to a point within said selected 
power stroke or just before said point where a 45 
maximum acceleration would approximately 
occur during a proper firing thereof, and deter- 
mining said acceleration based on the differ- 
ence between said first and second measured 
time periods. 50 



each power stroke and wherein said square 
wave has a negative transition at each rota- 
tional position substantially halfway between 
successive positive transitions. 

9. A method as claimed in claim 8, wherein said 
first selected position signals and said second 
selected position signals are all comprised of a 
negative transition. 

10. A method as claimed in claim 6, wherein the 
end of said first rotation interval and the begin- 
ning of said second rotation interval substan- 
tially coincide with a rotational position at or 
just before halfway between the beginning of 
said selected power stroke and the beginning 
of the next successive power stroke. 

11. A method as claimed in claim 6, wherein said 
first rotation interval has a midpoint substan- 
tially coincident with the beginning of said se- 
lected power stroke and wherein said second 
rotation interval has a midpoint substantially 
coincident with the beginning of the next suc- 
cessive power stroke. 

12. A method as claimed in claim 6, wherein said 
first rotation interval further includes a portion 
of the power stroke immediately preceding 
said selected power stroke. 

13. A method as claimed in claim 6, wherein said 
second rotation interval further includes a por- 
tion of the power stroke immediately succeed- 
ing said selected power stroke. 

14. A method as claimed in claim 6 wherein said 
second time period becomes a first time pe- 
riod for determining an acceleration corre- 
sponding to the power stroke immediately suc- 
ceeding said selected power stroke. 



7. The method as claimed in claim 6, wherein 
said position signals are in the form of a 
square wave having one positive transition per 
power stroke. 55 

8. A method as claimed in claim 7, wherein said 
positive transition occurs near the beginning of 
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